The most common cause of pseudoresistance, however, is the whitecoat effect that also extends to RHT. Therefore, performing ambulatory BP monitoring (or home BP recordings if the latter is unavailable) is a sine qua non in these patients. Analysis of 68,045 treated hypertensives in Spain showed that 12.2 % of patients had apparent RHT, but of those
Recent guidelines have defined resistant hypertension (RHT) as blood pressure (BP) that does not fall below 140/90 mmHg, despite a therapeutic strategy that includes appropriate lifestyle measures, plus a diuretic and two other antihypertensive drugs belonging to different classes at adequate doses. 1 The definition of RHT has been quite arbitrary, a fact reflected on various definitions of ideal drug dosing (e.g. optimal, appropriate, maximal tolerated), the still officebased BP approach and the inclusion of patients controlled with four drugs (irrespective of dose). 1, 2 Better understanding of the disease in the recent years has led to different reported prevalences of RHT compared to earlier reports. Data from earlier trials documented a prevalence of 15-30 %, 3 but with a more thorough evaluation of treatment resistance, especially with the use of ambulatory BP monitoring, a prevalence of less than 10 % is more realistic, though higher numbers in specialised HT centres may apply. 4, 5 In clinical practice, causes of HT that is difficult to control may be classified into: a) incorrect characterisation as uncontrolled HT due to e.g. white-coat effect; b) inappropriate drug treatment or insufficient adherence to therapy and lifestyle measures; c) secondary forms of HT; d) true drug RHT. RHT has been associated with increased target organ damage and increased cardiovascular risk among hypertensives and high-risk patients. 6, 7 Patients with persistent RHT through time have been shown to have a more than twofold risk of cardiovascular morbidity compared to patients never having RHT. 8 This review will focus on the clinical management of this high-risk population; a stepwise approach that may still require rolling back to previous steps is advised (see Figure 1 ).
Confirming the Diagnosis
A patient with RHT represents one of the most complex cases in the field of HT, and referral and management in a specialised HT clinic is considered wise. Accordingly, a thorough clinical history and physical examination can provide significant information, while a proposed set of further tests is presented in Table 1 . A number of clinical correlates of RHT have been variably documented in post-hoc analysis of clinical trials and large registries. These include older age, obesity, black race, diabetes mellitus, a volume overload state, left ventricular hypertrophy, albuminuria and chronic kidney disease (CKD).
2,4,7-9 A long history of HT and isolated systolic HT are often identified. Proper diagnosis of the condition needs a series of careful checkpoints.
Identify Pseudoresistance
Identification of pseudoresistance is a crucial step in the clinical diagnosis of RHT (see Table 2 ). It is defined as persistently uncontrolled HT at the clinic, for reasons other than true resistance to drug treatment; simple clinical tips can unmask many of these. Blood pressure should be measured according to current guidelines. A mismatch between the arm perimeter and the cuff bladder width (the latter wrongly being less than 80 % of the former) is a usual cause of spurious HT, as it can lead to recorded BP higher by 10-20 mmHg than true values. Falsely high BP may be recorded in older patients that have stiff, sclerotic arteries that remain palpable when the cuff exceeds systolic BP levels (Osler manoeuvre). A look at previous prescriptions indicating suboptimal drug combinations lacking a clear rationale, or insufficient dosing can help identify physician inertia. This may result from clinical inexperience, fear of side effects, guideline ignorance and ever-changing evidence of the optimal BP target.
only one-third also had true RHT confirmed with ambulatory monitoring. 5 Accordingly, risk of patients with white-coat RHT is expected to be significantly lower than in true RHT but higher than controlled HT. 6 Whitecoat RHT may be clinically suspected when symptoms of overtreatment or lack of target organ damage are identified.
Hypertension is a chronic asymptomatic condition that is often in need of multiple pills per day, usually for all lifetime. Adherence is traditionally defined as the extent to which a patient acts in accordance with the prescribed interval and dosing of a regimen, while persistence is the accumulation of time from initiation to discontinuation of therapy. In hypertensive patients, adherence measured by prescription refill frequency falls to less than 60 % in two years. 12 It is thus imperative that issues concerning these patientrelated parameters are considered in apparent RHT as regimen complexity and drug intolerance are often. An inverse relationship exists between the number of drugs and daily doses and adherence. method that has been shown to be cost effective. 14, 15 Subsequently, confronting patients with low drug levels and providing further counselling has been reported to significantly improve BP control without drug intensification. 16 Still, no optimal method exists, while even white-coat adherence has been reported as patients tend to improve their adherence before and after clinic visits. Fixed-dose combinations are endorsed in order to improve adherence, and highdose, three-drug combination pills are now widely available. 17 
Diagnose and Treat Causes of Insufficient BP Control
Causes of secondary HT -affecting about 5-10 % of the general hypertensive population -may remain undiagnosed and potentially contribute to treatment resistance. Previously controlled HT or inexplicably high BP levels should raise suspicion. Primary hyperaldosteronism is the most common secondary cause, with a prevalence reaching 21 % in a cohort of true RHT patients. 18 It is mostly found in patients 30-60 years old with increasing BP levels. Only about 40 % of patients have hypokalaemia. The plasma aldosterone-renin ratio (ARR) is considered to have higher sensitivity compared to other markers (aldosterone concentration or renin alone) for screening; yet age, concurrent drugs and method of collection affect the test results.
It should be thoroughly performed according to current guidelines. 19 The direct renin concentration assay, rather than plasma renin activity, is increasingly used.
A low ratio of morning plasma aldosterone concentration in ng/dl to plasma renin activity in ng/ml/h (usual cut-off being 20-40) is a detection test that has a high negative predictive value. 20 Its accuracy, however, is affected by salt intake, concurrent drugs and time of sampling. Preparation for the measurement includes: a) correction of hyperaemia and unrestricted sodium intake; b) discontinuation of drugs affecting ARR (aldosterone antagonists should be stopped for up to 6 weeks before testing) and switching to drugs with limited effects on ARR if needed (e.g. slow release verapamil, hydralazine and a1-antagonists); c) collection of blood in the morning after patient has been out of bed for at least 2 hours and seated for 5-15 minutes. 19 A positive result should be confirmed with further tests Continued uncontrolled blood pressure is more likely to lead to a cure in milder forms and a shorter history of hypertension. 21 In bilateral disease, such as adrenal hyperplasia, treatment is conservative with the application of mineralocorticoid receptor antagonists. Dosing of spironolactone starts low and can reach up to more than 200 mg daily with a close follow-up for side effects. The less potent eplerenone is mostly free of antiandrogen side-effects, yet requires multiple daily doses. 22 Prevalence of RHT is very high in patients with CKD, 23 which is easily diagnosed with estimation of glomerular filtration rate and urine analysis (protein, erythrocytes, leukocytes). Further data may be gathered with a simple renal ultrasound that can image small or asymmetrical kidneys. Sodium and fluid retention, sympathetic and renin-angiotensin system (RAS) activation and functional vascular changes contribute to treatment resistance.
Renal artery stenosis is by 90 % due to atherosclerotic lesions and should be suspected in patients of an older age, especially when atherosclerotic disease in other sites is present, reaching a prevalence of 70 % among patients undergoing cardiac catheterisation. 24 Obstructive sleep apnoea (OSA) has been extensively studied with respect to its association with HT. 27 The pathophysiological triad of intermittent hypoxia, ever-sustained sympathetic activation and intrathoracic pressure swings has served as a solid background for numerous studies reporting a close link between OSA and HT.
Accordingly, in the setting of OSA, a close association between fluid overload, aldosterone excess and development of RHT has been proposed. 28 Simple clinical tests, such as measurement of neck circumference (cut-off being >40 cm) and inspection of the uvula, as well as the use of widely accepted questionnaires (the Epworth, which assesses daytime sleepiness, and the Berlin, which assesses the clinical probability of OSA) can set suspicion in order to ask for a diagnostic polysomnographic study. 29 Continuous positive airway pressure (CPAP), albeit mildly efficient in reducing BP in normotensive or mildly hypertensive patients, 30 is unequivocally suggested in RHT patients with at least moderate OSA. 31 However, unlike previous data, a recent randomised controlled trial failed to show a solid benefit in RHT patients. Increased salt intake is a worldwide epidemic and salt intake affects the efficacy of RAS blockers and diuretics. Patients that are traditionally more salt-sensitive are diabetics, the elderly and those with CKD. A total sodium consumption of 2400 mg or 100 mmol/day (6 g or one teaspoon of salt) is advised in current guidelines. 1 In a randomised cross-over study in patients with RHT, extremely low salt intake (2.8 g) compared to high salt intake (14 g) decreased BP by 23/9 mmHg. 33 In clinical practice, salt consumption is preferably assessed via 24-hour Cyclosporin Cocaine Licorice Ephedra urine sodium excretion. Normal salt excretion, indicating normal salt intake is usually defined as 24-hour urine sodium <220 mmol/24 h (5 g/24 h). Higher urine sodium excretion is associated with a need for a greater number of antihypertensive drugs to achieve sufficient BP control. 34 In patients with excess salt excretion, a reduction in salt intake corresponding to a decrease by >50 mmol/ 24 h (optimally 75 mmol/24 h) is advised. 35 
Treatment

Lifestyle Measures
Lifestyle measures as suggested by current hypertension guidelines should be pursued in all patients with RHT. 1 These include sodium restriction, weight loss, an increase in physical activity, smoking cessation and reduced alcohol consumption to less than two drinks a day for men and one drink a day for women.
Pharmacological Approach Optimising the Three-drug Regimen
There are well-designed clinical guidelines for the drug management of HT that also apply to patients with RHT.
1,2 Yet, there is a lack of trials that compare different drug treatments specifically for RHT. Different classes of drugs have different sites of action. From a mechanistic point of view, sympathetic overactivity, structural vascular changes and increased vascular resistance, renin-angiotensin-aldosterone axis activation and subclinical hypervolaemia are all target dysregulations of pharmacological treatment. 36 The optimal drug combination is based on the clinical profile of each patient and the synergistic mechanisms of certain drug categories. For instance, a patient with coronary heart disease needs a beta-blocker while patients of African origin may not respond to RAS blockers. The most widely suggested first-choice, three-drug combination in RHT patients is an angiotensin converting enzyme inhibitor (or angiotensin receptor blocker), a calcium channel blocker (preferably of the dihydropyridine kind) and a thiazide diuretic. Chlorthalidone has been proposed to be superior to hydrochlorothiazide due to its longer duration of action as well as increased potency. At a dose of 25 mg/day, it offers greater 24-hour BP reduction than 50 mg/day hydrochlorothiazide, with the greatest difference observed at night, and may be tried in certain patients with RHT. 37 A loop diuretic (furosemide or bumetanide preferably in multiple daily doses to avoid intermittent sodium retention) with or without a thiazide diuretic should be preferred in patients with a glomerular filtration rate below 30-40 ml/min/1.73 m 2 .
Currently there are fixed combinations of up to three drugs and multiple dosing options in a single pill that are generally endorsed in order to improve adherence. 17 However, certain drugs (e.g. captopril and centrally acting agents) require multiple daily doses. Evidence of a better BP response with evening administration of drugs in patients with RHT or OSA has also been published. 38 Uncontrolled BP even after increasing the doses of a three-drug regimen to maximally tolerated levels is what defines RHT, and therefore escalation of drug doses is critical. This is particularly true for diuretics that are often under dosed. Previous clinical experience, manufacturer's guide, side effects and patient response set the maximal dose for each drug. Still, it should be kept in mind that adding a drug is more effective than increasing the dose. 39 It has also long been suggested that if extracellular fluid volume is expanded, increasing the drug doses will not have any memorable effect on BP.
Indeed, patients with RHT have higher aldosterone levels, lower levels of plasma renin activity and higher levels of brain and atrial natriuretic peptides compared to controls, all representing intravascular fluid retention. 40 A high sodium intake, an oedematous state and a large body mass index are traditionally used clinical indices to further increase the diuretic dose with or without the addition of a potassium sparing diuretic such as amiloride. On the other hand, an increase in serum creatinine is to be expected with diuretic use, especially in patients with CKD, while it variably reflects volume depletion when increasing urea levels are also documented.
Adding More Drugs
Adding a fourth drug, or more, may be decided early in the treatment plan or after all the previous steps have been exhausted. Of all second-line drugs, an aldosterone receptor blocker (spironolactone or eplerenone in about the double dose to minimise breast pain, gynaecomastia or sexual dysfunction) is the primary choice, in order to counteract the subclinical aldosterone excess and to intensify diuresis. 41 In addition, it has been shown that aldosterone levels are not sufficiently suppressed even with dual RAS blockade. 42 The drug effects are reportedly independent of baseline serum aldosterone and renin levels or presence of primary hyperaldosteronism. Earlier reports showed BP decreases of up to more than 25 mmHg with the addition of low dose spironolactone (12.5-25 mg daily), 43 while the first randomised controlled trial of its kind documented a decrease of 8.6 mmHg in 24-hour ambulatory systolic BP. 44 The recently published Spironolactone versus placebo, bisoprolol, and doxazosin to determine the optimal treatment for drug-resistant hypertension (PATHWAY-2) study showed that in patients carefully evaluated for true RHT, the addition of spironolactone 25-50 mg daily led to an approximately further 4 mmHg and 4.5 mmHg reduction in BP compared to doxazocin and bisoprolol respectively. 45 Even these low doses of such drugs should be applied with caution in patients of older age or with CKD and potassium levels should be carefully monitored.
Other second-line drugs may be tried with variable efficacy. Alphablockers are potent vasodilators with a double benefit in patients with benign prostate hyperplasia but with the risk of orthostatic hypotension, 46 while some advocate the use of both alpha-and beta-blockade (e.g. carvedilol and labetalol) at least in patients with evidence of sympathetic activation. Drug-induced vasodilation and diuresis may stimulate cathecolamine secretion, further indicating the need for beta-blockade. Direct vasodilators such as hydralazine and centrally acting agents have been traditionally used with a variable clinical benefit and issues of adherence due to the need for multiple dosing and often side effects (namely symptomatic hypotension and fluid retention). Limited data are available for newer drug classes.
Initially promising results for darusentan, an endothelin receptor blocker, were accompanied by data on often side effects such as fluid retention and deteriorated renal function. 47 Other drugs include the recently introduced aldosterone synthase inhibitors, canrenone and neprilysin inhibitor.
48,49
Interventional Treatment of Resistant Hypertension
The submaximal rates of BP control even after drug optimisation, the solid pathophysiological concept and the advancements in technology that rekindled the interest in old practices, i.e. splachnic sympathectomy, lead to a burst in the development of and research on interventional approaches to HT. 50 A series of methods have been developed that include renal nerve ablation (RNA), carotid baroreceptor stimulation, central arteriovenous anastomosis, carotid bulb restoration and aortic stimulation. 51 Among these, RNA is the richest method with respect to research and clinical data.
Catheter-based RNA is meant to halt efferent sympathetic signals to the kidney that lead to reduced renal flow, RAS activation and water retention, as well as afferent signals that, through the brain, augment the sympathetic action on the heart, vessels and neurohumoral loops. This is currently recommended for the treatment of patients with clinic systolic BP persistently ≥160 mmHg or diastolic BP ≥110 mmHg, after confirming true resistance to drug treatment and as long as the patient is managed in a specialised hypertension centre. 1, 52 Initial data were exciting as they provided evidence of large decreases in BP (up to 30 mmHg in office BP) with a relatively simple procedure.
However, the Renal Denervation in Patients With Uncontrolled Hypertension (Symplicity HTN-3) trial, the first randomised shamcontrolled study provided results of a non-significant effect on BP even in the longer term and thus led to a decrease in the enthusiasm. 53 Symplicity HTN-3 was a well-performed study but certain issues, such as medication changes during follow-up that reached a mean 40 % in both active and control groups, adherence to medication, technical aspects of the procedure and subgroup characteristics, revealed that RNA is a complex therapy with an effect influenced by multiple factors. 54 Technical issues are unsettled; the identification of the optimal number, depth and temperature of ablations, whether only the main renal artery or its branches or segment arteries should be ablated or whether small renal arteries (<4 mm), accessory or polar arteries should be treated. 55 Currently a circumferential pattern of ablation covering all four quadrants as provided by basket or spirallike catheters and asymmetric as well as distal renal artery targeting is preferred. 56 Upcoming studies shall test an indication for RNA for younger ages with systolic/diastolic HT without a long history of disease, that have greater sympathetic nervous system activation and a more responsive arterial wall. Effects of RNA beyond BP lowering, such as in improvement of glucose metabolism and target organ damage, have been reported. The holy grail of RNA is still the identification of ad-hoc markers of the optimal BP response. 57 Changes in renal norepinephrine spillover and renal haemodynamics are painstaking and have not been tested in large trials. 58, 59 From a study design point of view, the Renal Denervation for Hypertension (DENER HTN) trial set a new perspective as it showed that a prespecified stepped-care antihypertensive drug treatment with improved adherence helps reveal the antihypertensive effect of RNA beyond conventional treatment. Accordingly, correct drug manipulation will help resolve some cases while others may benefit from an invasive approach. ■
